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TITLE OF THE INVENTION 

OPTICAL SCANNING DEVICE DECREASING AMOUNT OF CHANGE IN 
RELATIVE SCANNING POSITION 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical scanning 
device and an image forming apparatus using the optical 
10 scanning device, and more particularly to the optical scanning 
device in which an amount of change in a relative scanning 
position of each scanning optical system, which is caused by a 
U= temperature fluctuation, is decreased, 

fy Discussion of the Background 

Q15 An image forming apparatus, in which a plurality of 

photoconductive elements are scanned by single optical scanning 
device is commonly known. The image forming apparatus 
includes, for example, a color printer having a plurality of 
photoconductive drums, a color copier having a plurality of 

2 0 photoconductive drums, a high speed laser printer, a digital 
copier and so forth. In the above-described image forming 
apparatuses, a high speed print of a color image is performed 
because individual photoconductive elements corresponding to 
each color are provided. In addition, the number of parts used 

25 including a deflector and a consumption of an electric power 
are decreased because a single optical scanning device is 
commonly used for scanning the plurality of photoconductive 




elements . 

In the above type of image forming apparatus, a lens made 
of a resin, which has a positive power only in a sub- scanning 
direction, is used as an imaging lens to form a linear image in 
5 the vicinity of a deflecting surface of a deflector. 
Hereinafter, a direction in which beam light emitted from a 
!__=. light source is deflected by the deflector is referred to as a 

S main scanning direction. A direction perpendicular to the main 

i 

03 scanning direction and in which a transfer sheet is conveyed is 

~ = 

go 10 referred to as a sub-scanning direction. As the imaging lens, 

s a lens made of a resin is commonly used instead of a lens made 

ry of a glass to reduce costs for a material itself and processing 

rU 

Ey of the material. 

M= However, because the resin lens has a high linear 

15 expansion coefficient, an optical axis of the lens changes in 

a sub- scanning direction when a surrounding temperature 

fluctuates. Thus, a scanning position on a surface of a 

photoconductive element changes in the sub-scanning direction. 

If a direction of change of the scanning position in the sub- 
20 scanning direction is different on each photoconductive 

element, a color shift is created, resulting in a degradation 

of a produced image . 

In Japanese Patent Laid-Open Publication No. 10-26732, an 

optical scanning device and an image forming apparatus using 
25 the optical scanning device in which a hybrid cylinder lens, 
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which is integrally produced with a resin lens having a 
negative power in the sub-scanning direction and a glass lens 
having a positive power in the sub-scanning direction are 
disclosed. The hybrid cylinder lens is employed to reduce an 
image surface bulge fluctuation caused by the temperature 
fluctuation. However, the image surface bulge fluctuation in 
the sub-scanning direction is caused by the temperature 
fluctuation even if the hybrid cylinder lens is employed 
because a resin has a linear expansion coefficient higher than 
that of a glass . 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the above- 
mentioned and other problems and addresses the above-discussed 
and other problems. 

The present invention advantageously provides a novel 
optical scanning device and an image forming apparatus using 
the optical scanning optical device in which an amount of 
change in a relative scanning position of each scanning optical 
system is decreased by aligning a direction of change of the 
scanning position in a sub-scanning direction caused by a 
temperature fluctuation in a plurality of scanning optical 
systems . 

According to an example of the present invention, the 
optical scanning device includes a plurality of scanning 
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optical systems configured to scan different scanning surfaces. 
Each of the scanning optical systems includes a light source 
configured to emit a light flux, a deflector configured to scan 
the light flux emitted from the light source, wherein the 
deflector is commonly used in the plurality of scanning optical 
systems. Each of the scanning optical systems further includes 
a scanning lens configured to condense the scanned light flux 
to the scanning surface, an optical path inflection mirror 
J configured to inflect the scanned light flux, and an imaging 

1 10 lens configured to lead the light flux emitted from the light 
source to the deflector. 

Scanning optical systems are provided at both sides of 
the deflector, that is, the deflector is between a pair of 
scanning optical systems. Each of the scanning optical systems 
15 comprises a set of an optical scanning system and respective 
light fluxes scanned by the deflector, the set of the optical 
scanning system being approximately parallel in a main scanning 
direction. The expression, |N - M| = 2k +1 is satisfied 
when the number of optical path inflection mirrors provided in 
2 0 each of the set of scanning optical systems is represented by 
"N" (i.e., N^2) and "M" (i.e., M*l) , and "k" is an integer equal 
to zero (0) or larger. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 A more complete appreciation of the present invention and 
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many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to 
the following detailed description when considered in 
connection with the accompanying drawings, wherein: 
5 Fig. 1 is a diagram illustrating a layout of an optical 

system of an optical scanning device in a plane parallel to a 
Li rotating plane of a deflector; 

r 

p Fig. 2 is a diagram illustrating a sectional view of a 

sy 

gg scanning optical system in the sub- scanning direction arranged 

kp 10 after the deflector; 

03 

5 Fig. 3 is a diagram illustrating a sectional view of an 

fy example of the scanning optical system in the sub-scanning 

i y 

fg direction arranged before the deflector; 

M Fig. 4 is a diagram illustrating a sectional view of 

15 another example of the scanning optical system in the sub- 
scanning direction arranged before the deflector; 

Fig. 5 is a diagram illustrating a sectional view of 
another example of the scanning optical system in the sub- 
scanning direction arranged before the deflector; 
20 Fig. 6 is a diagram illustrating a sectional view of 

another example of the scanning optical systems in the sub- 
scanning direction arranged before the deflector; 

Fig. 7 is a diagram illustrating a sectional view of the 
scanning optical system in the sub- scanning direction showing 
25 a change of an optical axis due to a temperature fluctuation; 



Fig. 8 is a diagram illustrating a sectional view of 
another example of the scanning optical systems in the sub- 
scanning direction arranged before the deflector; 

Fig. 9 is a diagram illustrating a sectional view of the 
scanning optical system in the sub-scanning direction after the 
deflector; and 

Fig. 10 is a schematic drawing illustrating a 
construction of a tandem image forming apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts throughout 
the several views, an optical scanning device and an image 
forming apparatus according to an example of the present 
invention are described below referring to figures. Fig. 1 is 
a diagram illustrating a layout of an optical system of an 
optical scanning device in a plane parallel to a rotating plane 
of a deflector. The optical scanning device includes four 
scanning optical systems A, A', B, and B 1 . Reference numerals 
1A, 1A ! , IB, IB', and 2A, 2A 1 , 2B, 2B' denote a semiconductor 
laser as a light source, and coupling lens, respectively. 
Reference numerals 3A, 3A 1 , 3B, 3B', and 4 denote an imaging 
lens made of a resin (hereinafter referred to as a resin lens) , 
and a deflector, respectively. 

In addition, reference numerals 5A, 5A', 5B, 5B 1 , and 6A, 




6A' , 6B, 6B' represent a first and second scanning lenses, 
respectively. Reference numerals 7A, 7A' , 7B, 7B' represent a 
soundproofing glass. The scanning optical systems A, A 1 , B, B' 
include respective above-described optical elements. However, 
5 the deflector 4 is the element that is common to the scanning 
optical systems A, A', B, B'. The deflector 4 includes, for 
, example, a polygon mirror and rotates at a constant speed in a 

«L direction indicated by an arrow in Fig. 1. Reference numerals 

V 

^ 8A, 8A' , 8B, 8B 1 , and "ma", "mb" denote a photoconductive 

jj 10 element (i.e., a surface of which is scanned), and a mirror, 

Mi 

respectively. 

Ij The mirror "ma" inflects a light flux emitted from the 

semiconductor laser 1A' to the deflector 4. The mirror "mb" 
leads a light flux emitted from the semiconductor laser IB 1 to 
15 the deflector 4. A light flux emitted from the semiconductor 
laser 1A is led to the deflector 4 without being inflected by 
the mirror "ma". A light flux emitted from the semiconductor 
laser IB is led to the deflector 4 without being inflected by 
the mirror "mb" . An optical path inflection mirror provided 
20 after the deflector 4 is not shown in Fig. 1. In the example 
illustrated in Fig. 1, one light source is provided for each 
scanning optical system. However, a plurality of light sources 
may be employed for each scanning optical system. 

The scanning optical systems A and B are a set of scanning 
25 optical system and are provided at both sides of the deflector 
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4 having the deflector 4 therebetween such that light fluxes 
scanned by the deflector 4 become approximately parallel in a 
main scanning direction. Namely, the light fluxes emitted from 
the semiconductor lasers 1A and IB, which are positioned above 
5 the deflector 4 in Fig. 1, are reflected by the deflector 4 
toward the right side and the left side in Fig . 1 in the 
scanning optical systems A and B, respectively. Thus, the 
f5[ light fluxes scanning a surface of the photoconductive elements 

=g 8A and 8B become approximately parallel in the main scanning 

01 

yglO direction. 

09 

a Hereinafter, a direction in which the light fluxes emitted 

nj from the semiconductor lasers 1A, 1A' , IB, and IB' (i.e., light 

rn sources) are deflected by the deflector 4 is referred to as the 

1^ main scanning direction. The direction which is orthogonal to 

15 the main scanning direction is referred to as the sub-scanning 
direction. In Fig. 1, the set of scanning optical system 
includes a combination of the scanning optical systems A and 
B 1 , A 1 and B, A 1 and B ! besides the above -described combination 
of the scanning optical systems A and B. 
2 0 The scanning optical systems A and A' are arranged in the 

sub-scanning direction having a distance therebetween. 
Similarly the scanning optical systems B and B f are arranged in 
the sub-scanning direction having a distance therebetween. 
Namely, scanning optical systems are arranged at both sides of 
2 5 the deflector 4 having the deflector 4 therebetween and a 
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plurality of scanning optical systems are arranged in the sub- 
scanning direction at both sides of the deflector 4. 

Each diverging light flux^mitted from each semiconductor 
l^ser 1A, 1A ! , IB, and/lB' is coupled by the respective 
upling lenses 2A,y2fA' , 2B, and 2B'. The light flux passed 
£he respective coupling lenses 2A, 2A 1 , 2B, and 2B' then passes 
respective r,e'sin imaging lenses 3A, 3A ! , 3B, and 3B', which 




have a positive power only in the sus-scanning direction, to 
form a/linear image in the vicinity of a deflecting surface of 



L _glO th^/ deflectors 4 

£ ; : 

Fig. 2 is a diagram illustrating a sectional view of the 
ry scanning optical system in the sub-scanning direction arranged 

after the deflector 4 . Each light flux deflected by the 
deflector 4 is led to the photoconductive elements 8A, 8A', 8B, 
15 and 8B' after passing the first scanning lenses 5A, 5A 1 , 5B, 
and 5B ' , the second scanning lenses 6A, 6A ' , 6B, and 6B 1 , and 
the soundproofing glasses 7A, 7A', IB, and 7B ' so as to form an 
image as a light spot on the surface of the respective 
photoconductive elements 8A, 8A', 8B, and 8B ' while scanning 
2 0 the surface thereof approximately at the same speed. An optical 
path inflection mirror is provided in a light flux path between 
the first and second scanning lenses in each scanning optical 
system A, A', B, and B ' . The optical path inflection mirror 
leads each light flux deflected by the deflector 4 to the 
25 respective photoconductive elements 8A, 8A 1 , 8B, and 8B 1 . 



9 



An arrangement of the optical path inflection mirror in 
each scanning optical system A, A 1 , B, and B' is described 
below. One piece of optical path inflection mirror Mai is 
provided in the scanning optical system A to reflect the light 
flux from the first scanning lens 5A approximately at the right 
angle toward the lower direction in Fig. 2. Three optical path 
inflection mirrors Ma 1 1 , Ma ' 2 , and Ma 1 3 are provided in the 
scanning optical system A 1 . The optical path inflection mirror 
Ma 1 1 reflects the light flux from the first scanning lens 5A' 
approximately at the right angle toward the lower direction in 
Fig. 2. The optical path inflection mirror Ma 1 2 reflects the 
light flux from the optical path inflection mirror Ma * 1 
approximately at the right angle toward the left in Fig. 2. The 
optical path inflection mirror Ma 1 3 reflects the light flux 
from the optical path inflection mirror Ma 1 2 approximately at 
the right angle toward the lower direction in Fig. 2. 

Two optical path inflection mirrors Mbl and Mb2 are 
provided in the scanning optical system B. The optical path 
inflection mirrors Mbl reflects the light flux from the first 
scanning lens 5B toward a lower right direction in Fig. 2. The 
optical path inflection mirror Mb2 reflects the light flux from 
the optical path inflection mirror Mbl toward the lower 
direction in Fig. 2. Two optical path inflection mirrors Mb'l 
and Mb' 2 are provided in the scanning optical system B'. The 
optical path inflection mirrors Mb'l reflects the light flux 



from the first scanning lens 5B 1 toward the lower left 
direction in Fig. 2. The optical path inflection mirror Mb 1 2 
reflects the light flux from the optical path inflection mirror 
Mb'l toward the lower direction in Fig. 2. The optical path 
inflection mirror in each scanning optical system is not 
necessarily positioned between the first and second scanning 
lenses but may be arranged at any position between the 

deflector 4 and the respective photoconductive element 8A, 8A ! , 

FU 

fg 8B and 8B' . 

JglO Fig. 3 is a diagram illustrating a sectional view of an 

5 example of the scanning optical system in the sub-scanning 

direction arranged before the deflector 4. Reference numerals 
1, 2, and 3 denote the semiconductor laser, the coupling lens, 
and the resin imaging lens having a positive power in the sub- 
15 scanning direction to form a linear image, respectively. 
Reference numerals 11, 14, and 14C represent a light source 
unit pedestal, a housing, and a supporting surface, 
respectively. Reference numerals 12 and 13 denote adhesives. 
The semiconductor laser 1 is force-fitted and fixed to the 
20 light source unit pedestal 11. The coupling lens 2 is provided 
to the light source unit pedestal 11 with the adhesive 12 after 
a position of the coupling lens 2 is adjusted. The light source 
unit pedestal 11 and resin imaging lens 3 are provided to the 
housing 14 . The resin imaging lens 3 is provided to the 
25 housing 14 with the adhesive 13. 
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Fig. 4 is a diagram illustrating a sectional view of 
another example of the scanning optical system in the sub- 
scanning direction arranged before the deflector 4. The resin 
imaging lens 3 is provided to the housing 14 while being 
pressed from an upper end portion thereof toward the supporting 
surface 14C by a flat spring 15. 

Fig. 5 is a diagram illustrating a sectional view of 
another example of the scanning optical system in the sub- 
scanning direction arranged before the deflector 4. The resin 
imaging lens 3 "is force -fitted to the housing 14 making the 
supporting surface 14C as a datum level. 

Fig. 6 is a diagram illustrating a sectional view of 
another example of the scanning optical system in the sub- 
scanning direction arranged before the deflector 4. The resin 
imaging lens 3 is provided to the housing 14 with the adhesive 
13. The adhesive 13 is applied to a position adjacent to the 
optical axis of the resin imaging lens 3 unlike the example 
illustrated in Fig. 3. 

In a conventional optical scanning device, a linear image 
forming element includes a glass lens. A material cost is high 
for the glass lens, and a processing cost is increased because 
the processes performed by a machine, such as a cutting and 
polishing are involved. However, a degree of a change of the 
optical axis of the glass lens in the sub-scanning direction 
caused by a temperature fluctuation is not significant because 
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a linear expansion coefficient of a glass is maintained within 
a range of about 5.0E-06 (1/°C) and 10.0E-06 (l/°C). When a 
lens made of a resin is used as the linear image forming 
element, a cost for a material is kept low and a processing 
cost is decreased because the processes are performed easily, 
resulting in a reduction in costs. However, the degree of the 
change of the optical axis of the resin lens in the sub- 
scanning direction caused by the temperature fluctuation 
becomes significant because the linear expansion coefficient 
becomes high, i.e., about 7.0E-05 (l/°C). 

In a structure of fixing a lens illustrated in Figs. 3 to 
5, the optical axis of the lens changes according to a 
expansion or a shrinkage of the resin imaging lens 3 caused by 
the temperature fluctuation. Thus, a degree of a change of a 
scanning position on a surface of a photoconductive element in 
the sub-scanning direction becomes significant. A resin 
including aluminum or glass fiber is used as a material for the 
housing 14. These materials have a linear expansion coefficient 
of 2.0E-05 (1/°C) which is higher than that of a glass. In the 
lens fixing structure illustrated in Fig. 6, the scanning 
position significantly changes in the sub-scanning direction 
according to a expansion or a shrinkage of the housing 14 even 
if the resin imaging lens 3 is made of a glass. 

Fig. 7 is a diagram illustrating a sectional view of a 
scanning optical system in a sub- scanning direction showing a 



change of an optical axis due to a temperature fluctuation. As 
illustrated in Figs. 3 to 6 , if the resin imaging lens 3 is 
fixedly provided directly to the housing 14 before the 
deflector 4, the change of the scanning position in the sub- 
scanning direction becomes significant irrespective of the lens 
fixing structure . 

As illustrated in Fig. 8, when an image forming lens 
includes the resin imaging lens 3 and a glass lens 16, the 
degree of the change of the scanning position in the sub- 
scanning direction caused by a temperature fluctuation is 
reduced. However, because a liner expansion coefficient of a 
resin is higher than that of a glass, the change of the 
scanning position in the sub- scanning direction due to the 
temperature fluctuation is not prevented. 

The present invention accommodates the change of the 
scanning position in the sub- scanning direction since changes 
in the scanning position caused by temperature fluctuation are 
inevitable. According to the present invention, a direction of 
the change of the scanning position, which is caused by the 
temperature fluctuation, is aligned in a plurality of scanning 
optical systems. With this arrangement, a degree of the change 
of the scanning position in the sub-scanning direction is 
reduced in the plurality of scanning optical systems. 

Fig. 9 is a diagram illustrating a sectional view of the 
scanning optical system in the sub- scanning direction after the 
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deflector 4. Photoconductive elements 8A, 8A' , 8B, and 8B' 
rotate in a clockwise direction. In Fig. 9, a solid line 
indicates main rays of light in an ordinary temperature while 
a chained line indicates main rays of light when the 
temperature is fluctuated. In each scanning optical system, 
main rays of light in the fluctuated temperature is shifted in 
an upward direction in Fig. 9 with respect to main rays of 
light in the ordinary temperature. In the scanning optical 
systems A and A' , the shifting of main rays of light in the 
fluctuated temperature results in the shifting toward the front 
side of the main rays of light in the normal temperature with 
respect to the rotating direction of the photoconductive 
elements 8A and 8A ! . 

In the scanning optical systems B and B', the shifting of 
main rays of light in the fluctuated temperature results in the 
shifting toward the back side of the main rays of light in the 
normal temperature with respect to the rotating direction of 
the photoconductive elements 8B and 8B 1 . In Fig. 9, a 
description of first and second scanning lenses 5A, 5A 1 , 5B, 
5B', 6A, 6A' , SB, and 6B ' are omitted for a purpose of a 
simplification. 

The position of main rays of light in the fluctuated 
temperature on a surface of a photoconductive element is 
reversed with respect to the position of main rays of light in 
the normal temperature, when an optical path inflection mirror 



is employed. For example, in the scanning optical system A, 
main rays of light in the fluctuated temperature shifts toward 
the front side of main rays of light in the ordinary 
temperature with respect to the rotating direction of the 
5 photoconductive element 8A between the deflector 4 and the 
optical path inflection mirror Mai. 

To the contrary, between the optical path inflection 
S mirror Mai and the photoconductive element 8A # main rays of 

light in the fluctuated temperature shifts toward the back side 

J 10 of main rays of light in the ordinary temperature with respect 

yyj 

= to the rotating direction of the photoconductive element 8A. 

• T r 

??l The position of main rays of light in the fluctuated 

I er 

rfk temperature is reversed by the optical path inflection mirror 

□ 

^ Mai with respect to main rays of light in the ordinary 

15 temperature. The optical path inflection mirror Mai shifts 
main rays of light in the fluctuated temperature toward the 
back side of main rays of light in the ordinary temperature 
with respect to the rotating direction of the photoconductive 
element 8A. 

2 0 As described above, the description of first and second 

scanning lenses 5A, 5A', 5B, 5B ' , 6A, 6A', SB, and 6B' are 
omitted for a purpose of a simplification in Fig. 9. In 
addition, although main rays of light in the fluctuated 
temperature is indicated to shift parallel to main rays of 

25 light in the ordinary temperature, main rays of light in the 
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fluctuated temperature may not always shift parallel to main 
rays of light in the ordinary temperature, and a gradient of 
main rays of light in the fluctuated temperature in Fig. 9 may 
vary according to a fluctuation of a temperature. However, even 
if main rays of light in the fluctuated temperature does not 
shift parallel to main rays of light in the ordinary 
temperature, an optical path inflection mirror shifts main rays 
of light in the fluctuated temperature toward the back side of 
main rays of light in the ordinary temperature with respect to 
the rotating direction of the photoconductive element 8A. 

A direction of a shifting of a scanning position in a sub- 
scanning direction caused by a temperature fluctuation in a set 
of scanning optical system provided at both sides of the 
deflector 4 is described below. For example, in a set of the 
scanning optical systems A and B', in the scanning optical 
system A, main rays of light in the fluctuated temperature 
shifts toward the front side of main rays of light in the 
ordinary temperature with respect to the rotating direction of 
the photoconductive element 8A between the deflector 4 and the 
optical path inflection mirror Mai. 

In the scanning optical system B 1 , main rays of light in 
the fluctuated temperature shifts toward the back side of main 
rays of light in the ordinary temperature with respect to the 
rotating direction of the photoconductive element 8B ' between 
the deflector 4 and the optical path inflection mirror Mb ' 1 . 
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The following expression should be satisfied to align a 
direction of change of a scanning position in a sub-scanning 
direction caused by a temperature fluctuation in scanning 
optical systems A and B': 

|N - M| = 2k + 1 (1) 
In expression (1), the number of optical path inflection 
mirrors provided in scanning optical systems B 1 and A is 
respectively represented by "N" (i.e., N^2) and M (i.e., M>1), 
for "k" being an integer equal to 0 or larger. 

The number of optical path inflection mirrors provided in 
the scanning optical systems A and B' is one piece and two 
pieces, respectively. As such, the above-described expression 
is satisfied. Hence, the direction of change of the scanning 
position in the sub-scanning direction caused by the 
temperature fluctuation aligns in scanning optical systems A 
and B ' . 

As described above, in an optical scanning device having 
a plurality of scanning optical systems A and B', an amount of 
change in a relative scanning position of each scanning optical 
system is decreased. The respective scanning optical systems 
A and B 1 include the semiconductor laser 1A or IB 1 , the 
deflector 4, scanning lenses 5A and 6A or 5B 1 and 6B 1 , optical 
path inflection mirrors Mai or Mb ' 1 and Mb 1 2 , and imaging 
lenses 3A or 3B'. The scanning lenses 5A, 6A, 5B 1 , and 6B ' 
condense rays of scanning light to a surface of a 
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photoconduct ive element. The imaging lenses 3A and 3B ! lead 
rays of light emitted from the semiconductor laser 1A or IB 1 to 
the deflector 4. The deflector 4 scans rays of light emitted 
from the semiconductor laser 1A or IB 1 and is commonly used in 
5 the scanning optical systems A and B'. The scanning optical 
systems A and B' are arranged as a set at both sides of the 
^ deflector 4 having the deflector 4 therebetween such that 

« respective light fluxes scanned by the deflector 4 become 

m 

m approximately parallel in a main scanning direction. 

Jj 10 If the number of optical path inflection mirrors in the 

- .1. 

~" scanning optical systems B' and A (i.e., "N" and "M", 

ry respectively) is arranged to satisfy the expression of: 

m |N-M| = 2k + 1 (i.e., N^2, M2>1, and 11 k" is an integer equal 

Q 

H= to 0 or larger) , a direction of change of a scanning position 

15 in a sub- scanning direction caused by a temperature fluctuation 
aligns in scanning optical systems A and B' . This is true even 
if an optical axis of the imaging lenses 3A and 3B ' changes due 
to the temperature fluctuation. Thus, an amount of change in 
a relative scanning position of each scanning optical system is 
20 decreased. Further, because the deflector 4 is commonly used 
in the scanning optical systems A and B 1 , the number of parts 
used and a consumption of an electric power are decreased. 

Another example of a set of the scanning optical systems 
(i.e., A and B, A' and B, and A* and B') , which are arranged as 
25 the set at both sides of the deflector 4 having the deflector 
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4 therebetween, are described below. The number of optical path 
inflection mirrors provided in the scanning optical systems A 
and B is one piece and two pieces, respectively that satisfies 
the above-described expression (1) . The number of optical path 
inflection mirrors provided in the scanning optical systems A ' 
and B is three pieces and two pieces, respectively thus 
satisfying expression (1) described above. In the scanning 
optical systems A 1 and B', three and two pieces of optical path 
inflection mirrors are provided, respectively that satisfies 



Oi 

~a 10 the above -described expression (1). Thus, a direction of change 

S3 

of a scanning position in a sub-scanning direction caused by a 

Ls£s 

fy temperature fluctuation aligns in respective sets of the 

F5 = 

= y 

ijj scanning optical systems (i.e., A and B, A 1 and B, and A' and 

Q 

£1 b 1 ) . 

15 As described above, if the number of optical path 

inflection mirrors provided in each set of the scanning optical 
systems satisfies the expression (1), the direction of change 
of the scanning position in the sub-scanning direction caused 
by the temperature fluctuation aligns in each set of the 

2 0 scanning optical systems. Thus, an optical scanning device, in 
which an amount of change in a relative scanning position of 
each scanning optical system is small, is obtained. 

Next, a direction of change of a scanning position in a 
sub-scanning direction caused by a temperature fluctuation in 

25 the scanning optical systems that are arranged in the sub- 
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scanning direction at both sides of the deflector 4 is 
described below. For example, in the scanning optical systems 
A and A', main rays of light in the fluctuated temperature 
shifts toward the front side of main rays of light in the 
ordinary temperature with respect to the rotating direction of 
the photoconductive element 8A between the deflector 4 and the 
optical path inflection mirror Mai in the scanning optical 
system A. In the scanning optical system A', main rays of light 
in the fluctuated temperature shifts toward the front side of 
main rays of light in the ordinary temperature with respect to 
the rotating direction of the photoconductive element 8A' 
between the deflector 4 and the optical path inflection mirror 
Ma 1 1 . 

Thus, the number of optical path inflection mirrors in the 
scanning optical systems A and A 1 is arranged to satisfy the 
expression described below in order to align a direction of 
change of a scanning position in a sub-scanning direction 
caused by a temperature fluctuation, for a number of optical 
path inflection mirrors provided in the scanning optical 
systems A' and A being respectively represented by "Q" (i.e., 
Q^2) and "P" (i.e., P^l) , and where "k" is an integer equal to 
0 or larger. 

| Q - P | = 2k (2) 
The expression (2) indicates that a difference of the number of 
optical path inflection mirrors provided in each scanning 
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optical system arranged in the sub- scanning direction becomes 
zero or an even number. 

In the scanning optical systems A and A 1 , one piece and 
three pieces of optical path inflection mirrors are provided, 
respectively, thereby satisfying the expression (2) . Thus, the 
direction of change of the scanning position in the sub- 
scanning direction caused by the temperature fluctuation in the 
scanning optical systems A and A' is aligned. Two pieces of the 
Lr optical path inflection mirrors are provided in each of the 

~k 10 scanning optical systems B and B', thereby satisfying the 

Hyj 

expression (2) . Hence, the direction of change of the scanning 
position in the sub-scanning direction caused by the 
temperature fluctuation in the scanning optical systems B and 
B' is aligned. 

15 According to the example of the present invention as 

described above, the direction of change of the scanning 
position in the sub-scanning direction caused by the 
temperature fluctuation aligns in the scanning optical systems 
A and A 1 even if an optical axis of the imaging lenses 3A and 
20 3A' changes due to the temperature fluctuation, when the 
difference of the number of optical path inflection mirrors in 
the scanning optical systems A and A' is equal to 0 or an even 
number. Thus, an amount of change in a relative scanning 
position of each scanning optical system is decreased. 
2 5 In the example illustrated in Fig. 9, two scanning optical 
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systems are arranged in the sub- scanning direction at both 
sides of the deflector 4. However, the number of scanning 
optical systems is not limited to this example. Namely, three 
or more numbers of scanning optical systems may be arranged. 
5 For example, when three scanning optical systems A, A' , and A 1 ' 
are provided in the sub-scanning direction, the expression (2) 

1^ needs to be satisfied in each set of scanning optical systems 

q (i.e., A and A ' , A 1 and A ' 1 , and A and A 1 ' ) . 

j=J In addition, the number of scanning optical systems in the 

j=l 10 sub-scanning direction may not be same in both sides of the 
s deflector 4 . Namely, when the number of scanning optical 

hj systems in the sub- scanning direction provided at one side of 

m 

23 the deflector 4 represents "S" (i.e., S ^ 2) while the number 

s 

of scanning optical systems in the sub-scanning direction 
15 provided at the other side of the deflector 4 represents "T" 
(i.e., T ;>2). The "S" and "T" are not always required to be 
equal in number (i.e., S * T) . In the example illustrated in 
Fig. 9, the "S" and "T" are equal in number (i.e., two). 

Next, another example of the present invention is 
20 described below. In the example illustrated in Fig. 1, the 
scanning optical systems A and B are provided at a position 
opposed to each other having the deflector 4 therebetween, and 
the scanning optical systems A and A' are provided in a sub- 
scanning direction. In this example, a plurality of scanning 
2 5 optical systems are arranged only in the sub- scanning 
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the scanning optical systems A and A 1 . Because the difference 
of the number of the optical path inflection mirrors in the 
scanning optical systems A and A ! is equal to 0 or an even 
number, a direction of change of a scanning position in a sub- 
5 scanning direction caused by a temperature fluctuation aligns 
in scanning optical systems A and A' even if an optical axis of 
the imaging lenses 3A and 3A' changes due to the temperature 
2 fluctuation. 

j=j In the optical scanning devices described above, a resin 

4i 10 lens is used as the imaging lens 3. Thus, the material costs 
y - for resin and the cost of processing the resin materials are 

decreased, as compared to the costs associated with a glass 
lens. Next, a construction of an image forming apparatus 
having the above-described optical scanning device is described 
15 below. 

Fig. 10 is a schematic drawing illustrating a construction 
of a tandem image forming apparatus . An image forming apparatus 
100 includes an optical scanning device 117, a transfer belt 
114, and a fixing device 116. Above the transfer belt 114, 
20 photoconductive elements 111M, 111C, 111Y, and 111K for magenta 
(M) , yellow (Y) , cyan (C) , and black (K) toner, respectively 
are arranged in order from an upstream to a downstream in a 
moving direction of the transfer belt 114. 

Around the photoconductive element 111M, a charging device 
25 112M, a developing device 113M, and a transfer device 114M are 
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arranged to perform an electrophotographic printing process. 

A similar devices are arranged around the other 
photoconductive elements 111C, 111Y, and 111K. In the tandem 
image forming apparatus, when a printing mode using a plurality 
5 of colors is selected, each photoconductive element 111M, 111C, 
111Y, and 111K is exposed by an exposure unit (not shown) based 
on an image signal corresponding to each color to form an 

j ; 

0 electrostatic latent image on a surface of each photoconductive 

===: 
=a=F 

fy element 111M, 111C, 111Y, and 111K. Each electrostatic latent 

a 5 S 

01 10 image is developed into a toner image with toner of respective 
03 colors. Each color toner image is electrostatically attracted 
M> onto the transfer belt 114. Each color toner image is then 

PJ transferred onto a transfer sheet P one after another so that 

03 

S each color toner image is superimposed on each other. 

15 The toner images transferred onto the transfer sheet P are 

then fixed. Then, the transfer sheet P having a multicolor 
image is discharged. When a single color printing mode is 
selected, photoconductive elements and related devices used 
for colors other than the selected color are put into a non- 
20 operating state. An electrostatic latent image is formed on a 
surface of a photoconductive element of the selected color. The 
electrostatic latent image is then developed into a toner image 
with toner of the selected color. The toner image is 
electrostatically attracted onto the transfer belt 114. The 
25 toner image is then transferred onto the transfer sheet P. The 
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toner image transferred onto the transfer sheet P is then 
fixed. Then, the transfer sheet P having a single color image 
is discharged. 

If the above -described optical scanning device is used as 
5 the optical scanning device 117 of the image forming apparatus 
100, a direction of change of a scanning position in a sub- 
scanning direction on a photoconductive element corresponding 

i ■ 

p to each color aligns even if an optical axis of a resin imaging 

O 

fy lens in the optical scanning device 117 shifts to the sub- 

01 10 scanning direction due to a temperature fluctuation. 

J5 

S3 Thus, in the image forming apparatus 100, an amount of 

M= change in a relative scanning position of each scanning optical 

ff 5 
: LJi 

rU system is decreased, resulting in a production of a high 

S quality image while obviating a creation of a color shift. 

15 Obviously, numerous additional modifications and 

variations of the present invention are possible in light of 
the above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present invention 
may be practiced otherwise than as specifically described 
20 herein. 

This document claims priority and contains subject matter 
related to Japanese Patent Application No. 2000-402660, filed 
on December 28, 2000, and the entire contents thereof are 
herein incorporated by reference. 
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